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In developing measures for prophylaxis of dermatophytosis, it is of first im-
portance to know whether primary attacks and recurrences are caused by exog-
enous infection or by activation of a latent infection. This fundamental
question is unsolved. Although it is usually assumed by the patient that each
attack results from a new infection, and many prophylactic measures are based
on this hypothesis, there is little evidence to support this belief. Von Graf-
fenried (1) and Weidman (2) found inoculation of the toes possible only if meas-
ures were taken to macerate the skin. Williams and Barthel (3) presented
strong evidence that latent infection of nails was a frequent source of recurrent
attacks on the toes and soles. Sulzberger, Baer and Hecht (4) pointed to the
rareness of conjugal cases as evidence against contagion. Nickerson, Irving
and Mehmert (5) showed dramatically that removal of shoes without protection
from contagion effectively prevented the disease.
In a study conducted at Fort Benning, Georgia, from September 1942
to September 1945, etiological data were collected in an effort to solve this ques-
tion. While they do not permit a definite answer, they provide information
which seems of sufficient interest to record. They also throw some light on the
characteristics of the diseases produced by different species of dermatophytes.
METHODS OF EXAMINATION
Clinical inspection. Determination of the incidence of dermatophytosis by
clinical examination is surprisingly difficult. The gradations from quite normal
to severely infected feet are so even that it seems impossible by inspection to
draw any sharp line between those who do and those who do not have dermato-
phytosis.
Slide examination. Microscopic demonstration of mycelium in hydroxide
mounts of scrapings from the skin is a more objective method and would appear
more reliable. It has limitations. Some cases will escape detection, as one
negative examination obviously does not exclude the presence of fungi. In a
large group of our cases which presented typical intertrigo of the toes, mycelium
1 The work described in this paper was done under a contract recommended by the Com-
mittee on Medical Research between the Office of Scientific Research and Development and
Columbia University.
2 The authors gratefully acknowledge their indebtedness to Col. William R. Denton, Post
Surgeon, and to many medical and line officers at Fort Benning for providing facilities for
these observations; and to Prof. Rhoda W. Benham, who served as consultant in this inves-
tigation, for advice and assistance in mycological work.
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was demonstrated in 77%. In another group with dysidrotic vesicles on the
soles or toes, slides were positive in 90%. In 618 infantry men selected by their
medical officers as showing signs of dermatophytosis, the same method was
positive in 65%.
Results of other investigators differ surprisingly. Templeton et al. (6) report
positive slides in 90% of their clinically positive cases, Hulsey and Jordan (7)
63%, Phillips (8) 39%, Muskatblit (9) 31% and Keeney et a!. (10) only 28%.
The problem presented by cases with clinical signs of dermatophytosis in
which no fungi can be demonstrated is discussed later. Many doubtless rep-
resent failures of the method; others are probably not cases of dermatophy-
tosis.
On the other hand, fungi can sometimes be demonstrated in cases without
clinical signs or symptoms. We saw few such cases but in one group of 30,
slides were positive in 4, (13%). Strickler and Friedman (11) reported the
astonishing finding of 40.8% of positive slides in 157 normal cases. Kurotkin
and Ch'en (12) found 3.3% positives in 150 cases, Keeney et al. (10) 1.7%
in 359 cases. Considering the difficulty of obtaining adequate scrapings from
normal skin, the actual occurrence of latent infection is doubtless higher. More-
over, pathogenic species have been identified by culture from normal cases by
Kurotkin and Ch'en (12) in 2% of their 150 cases, by Andrews and Birkman
(13) in 2% of 44 cases, by Williams (3) in 6% of 36 cases, by Cornbleet (14)
in 3% of 100 cases and by Peck et al. (15) in 1.6% of 1125 cases. Burgess, (16)
on the other hand, obtained no pathogenic fungi in cultures from 100 normal
feet.
Cultues. Cultures from scrapings of skin are less satisfactory for statistical
purposes than are direct slide examinations. They frequently fail when the
slide is positive and are only rarely successful when the fungus is not visible
microscopically (except in monilia infections). Of 1,213 cases at Fort Benning
from which cultures were obtained, slides were positive in 95.6% at the time the
culture was taken. In only 40 (4.5%) did we obtain a culture when the slide
was negative (table 14). The percentage of negative cultures in cases with
positive slides were tabulated only as to one group of 419 cases. In table 1,
these results are compared with those reported by Keeney et al. and by Muskat-
blit and with figures from the Vanderbilt Clinic, New York, which have pre-
viously been published (17). The last include cultures from hands as well
as feet and M. albicans was frequently encountered. Many failures are caused
by overgrowth by rapidly growing contaminants. Others may be due to fungi-
cides previously applied by the patient. The possibility that the mycelium
seen in some slide preparations was that of some nonpathogenic mold is remote,
because the microscopic appearance of the hyphae was usually typical, and
saprophytes rarely proliferate actively on normal skin. It seems probable
that our present culture methods are inadequate to reveal the true frequency
of fungus infections of the feet.
Amycotic interirigo. The etiology of cases of clinical intertrigo of the toes
in which no fungi can be demonstrated is obscure. In many of our cases re-
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peated weekly examinations for one or two months failed to reveal mycelium.
Weidman (2) has discussed this problem and concluded that these cases of
intertrigo may be caused (a) by hyphomycetic fungi (Trichophyta or epider-
mophyta); (b) by blastomycetic fungi (moniliae); (c) by bacteria; and (d) by
physical and mechanical causes.
Moniliae were infrequently recognized in the series here reported (table 5).
In many cases showing pronounced maceration as well as desquamation in all
the interdigital spaces the skin changes appeared to be caused entirely by hy-
peridrosis and to be independent of any type of infection. In 428 cases of diffuse
or localized hyperidrosis fungi were demonstrated in only 36%, a frequency
somewhat lower than in the general military population. In other cases with
erythema and relatively dry desquamation, most manifest in the fourth in-
terdigital space, bacterial infection was suspected. Observations by one of us
(G. C. R.) (18) however, failed to show that coagulase-positive staphylococci
or hemolytic staphylococci of group A were any more prevalent in such cases
TABLE 1
Relative frequency of demonstration of fungus by direct slide examination and by culture
NO OR CASES• SLIDE POSCULTURE POS.
SLIDE POS
CULTURE NEG.
SLIDE NEG.
CULTURE P05.
1. Ft. Benning Group
2. Keeney et al. (10)
3. Muskatblit (9)
419
158
67
116 (27%)
17 (11%)
30 (45%)
287 (69%)
137 (86%)
29 (43%)
16 (4%)
4 (3%)
8 (12%)
4. Vanderbilt Clinic (17)
a. Trichophyta and Epi-
dermophyta
b. Monilia
974
300 (31%)
165 (17%)
454 (47%)
5 (.5%)
50 (5%)
than in cases where fungi were demonstrable. It was of some interest that
our "amycotic" cases responded even better than those proved to be mycotic to
treatment with fungistatic agents (Chart V); but it should be borne in mind
that most of our treatment agents were antisepics as well as fungicides.
The severity and other characteristics of 387 cases with dermatoses of the
feet in which no fungi could be demonstrated by slide examination are shown
in table Ilk The group probably included some cases of contact dermatitis,
pyogenic infection or simple hyperidrosis, but signs of such dermatoses ("ec-
zema," "secondary infection" and "hyperidrosis") were infrequent. Although
the percentage of severe ca.ses, of cases with pronounced itching and of dysidrotic
or purely desquamative lesions was low as compared with the proven fungus
infections in the same table, in general, the frequency of various lesions noted
on the record cards of these amycotic cases was similar to that in the mycotic
groups. Thirteen cases even showed vesicular lesions on the fingers or hands
which were thought to be dermatophytids. Muskatblit reports positive slides
in only 20% of mild intertrigos, as against 47% in severe cases. Keeney et al.
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obtained positive cultures in 38% and 60% of two series of severe cases selected
for therapeutic trial, as compared with only 14% for their entire group of clini-
cally positive cases (table 3). These bits of evidence suggest, though they by
no means prove, that these apparently amycotic cases are actually mild fungus
infections in which our diagnostic procedures fail to demonstrate the parasite.
The problem demands further study.
INCIDENCE OF DERMATOPHYTOSIS AT FORT BENNING
Data on the incidence of dermatophytosis at Fort Benning were obtained by
examining representative military units at their monthly medical inspection's.
These are shown in table 2.
TABLE 2
Incidence of dermatophytosis among infantry troops at Fort Benning
NUMBER
EXAMINED NORMAL
SUSPECTED DEE-
MATOPHYTOSIS
TYPICAL DEE-
MATOPHYTOSIS
PER CENT OF
SLIDES POSITIVE
Infantry A
(Aug—Sept.)
371
%
25
%
64
%
11
Infantry B
(October)
594 30 52 18 64
Infantry C
(May—June)
480 6 78 16 42
Infantry D
(October)
492 14 36 50 50
Total 1,937 19 57 24 '53
There was a high incidence of intertrigo of the toes and of desquamation or
vesiculation on the soles or dorsa of the feet. On rapid inspection, it was impos-
sible to differentiate accurately cases of contact dermatitis, impetiginous lesions
or simple hyperidrosis; but these appeared a small fraction of the total. The
majority conformed to the usual picture of dermatophytosis. Those showing
definite vesiculation or sharply bordered areas of desquamation were classified
as typical dermatophytosis, those with only erythema and desquamation on the
webs or sides of the toes were listed as probable dermatophytosis. Only a small
percentage were free of such signs and could be classified as normal. In three
inspections, hydroxide mounts were made of scrapings from the interdigital
region of each soldier. Fungi were found in from 42% to 64%.
While our impression and that of most physicians who have worked with
infantry in hot climates was that dermatophytosis of the feet was far more
prevalent in these troops than in civilian groups, it is impossible to confirm
this belief by comparison of our findings with those previously published.
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Results of similar surveys, mostly in civilian groups, have been reviewed by
Lewis and Hopper (19) and by Ajello and Keeney and Broyles (10). The re-
TABLE 3
Incidence of dermatophytosis reported by various observers
NO OP CASES' DEPMATOPHY-TOSIS
%
52
15
SLIDES
POSITIVE
%
90
CITLTUES
POSITIVE
%
6
Legge, et al. (6) Men),(Univ. Cal. students) Womenf
"Ringworm Cases"
3 105'
Peck, et al. (15) Men
(Industrial workers) Women
Cases cultured
1,393
730
89
64
57
9
Gilman (20) Men
(Univ. Penn. students) Women
500
285
60
57
Hulsey, Jordan (7) Men)
(Univ. Penn. students) Womenj 100
61
39
Phillips (8) Men
(British Army) Women
3,250
500
7.5
16.0
3
6
Andrews, Birkman (13)
(Public School students)
Age 12—19
520 12.5
Muskatblit (9)
(Med. Stud., Disp. pat.)
212 89
Nickerson, et al. (5)
(Army Air Forces)
1,945 81
Prehn (21)
(U. S. Navy)
1,500 88
Ajello, et al. (10)
(Annapolis Cadets)
Cases with pos. slides
Group A sel. for test
Group B sel. for test
871
215
79
89
60 17.7
14
38
60
Ft. Benning, Ga., Total examined
(U. S. Army)
Slides taken
Cultures made
1,937
1,566
403
81
53
29
ported incidence of dermatophytosis varied from 7.5% to 89%. Some of the
data are summarized in comparison with our own in table 3. Most reports
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are based solely on clinical inspection and it is probable that the great variations
reflect differences in diagnostic criteria of the observers rather than in actual
incidence of disease.
Microscopic and culture studies are more objective. The results would seem
more reliable; but here it is difficult to understand the high percentage of postive
findings by Strickler et al., even in clinically normal feet.
Comparison with Keeney's findings of 40% normal feet as against 20% in
our group, and of 17.7% of positive slides, as against 53% in our group, does
seem to show that dermatophytosis was far more prevalent among the "dough
feet" at Fort Benning than among the cadets of Annapolis. The most definite
evidence was obtained from the histories of our patients (table 4).
TABLE 4
Reported frequency of dermatophytosis in pre-Army and post-Army life
AGE NO. OP CASES
% INFECIED IN ARMY
Before Post Since Post
Under 20 163 37 11 52
20—29 1,716 32 16 52
30—39 442 36 14 50
4Oandover 23
599
30
44
30
13
39
4
PREVIOUS OCCUPATION
White collar
Skilled workers 789 34 17 49
Unskilled workers 462 20 15 65
Farmers 248 20 17 63
SOURCE OF INFECTION
When questioned as to origin of the fungus infection, 67% of the 2,344 soldiers
stated that they had acquired the disease since induction, and 52% since arrival
at Fort Benning. To what extent this first appearance of this disease while
in the Army was due to acquired infection and to what extent to activation of
unrecognized latent infections could not be determined. The reported frequency
of infection in pre-army life varied surprisingly little in different age groups.
It was highest in the white-collar group and lowest among farmers and unskilled
laborers as shown in table 4. This might, however, be ascribed to the greater
attention paid to minor ailments by the first group.
SPECIES OF DERMATOPHYTES ENCOUNTERED
If contagion were an important factor in the incidence of dermatophytosis,
one would expect one species to predominate in some groups in close mutual
contact or at some periods of time. Cultures were taken from all cases when
first seen. Although they were successful in only about 30% of the slide-positive
cases (v.s.), they represent random sampling. Three species of hyphomycetes
were enc&untered: Trichophyton gypseum (mentagrophytes), T. purpureum
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and Epidermophyton floccosum (inguinale). Cryptococci and moniliae were
occasionally recovered in pure culture or mixed with trichophyta. The sources
from which 61 strains of Candida (Monilia) albicans were recovered are shown
in table 5. Our impression was that in spite of the excessive perspiration of
these troops in training, monilia infections were relatively uncommon. These
organisms were not, however, identified routinely, and numbers of cultures
obtained (table 5) are not comparable with those for the hyphomycetes (table
13).
The frequency with which the three species of hyphomycetes were recovered
from foot lesions is shown on table 6 and compared with the reports of previous
observers. On account of differences in terminology it was necessary to make
certain assumptions in preparing this table which may be unwarranted. How-
ever, it would seem that the relative frequency of the three species is the same
in most of these reports: T. gypseum being the most frequent, T. purpureum
TABLE 5
,Sources of Candida (Monilia) albicans cultures
FEET OTRER AREAS
Intertrigo
Plantar desq
36 Cases
1 Case
Groin
Scrotum
15 Cases
4 Cases
Dorsal desq 1 Case Penis
Ankle
1 Case
1 Case
Total 38 Cases Calf 1 Case
Finger nail 1 Case
Total 23 Cases
the next; and E. floccosum the least frequent. In four reports E. floccosum
was more frequent than T. purpureum. The numerical ratios differ and might
suggest that T. purpureum is more frequent in some localities than in others.
For example, Peck et al. found their only cases of purpureum infection in one
factory. There is also a suggestion that purpureurn infections may have been
more frequent in recent years. However there seems to be no consistent dif-
ference in the frequency of these species according to climate. It is probable
that many differences in findings are due to differences in technics and criteria
for identification. Benham (25) has found at Vanderbilt Clinic that with im-
provement in media (especially the use of potato dextrose agar for demonstration
of pigment, as recommended by Lewis), the percentage of strains identified
as purpureum has increased. The general uniformity of reports from all sources
is noteworthy.
Distribution by organizations. It was especially striking in our findings
that our over-all ratio of T. gypseum, 47%; T. purpureum 36%; and E. fioc-
cosum, 17% was approximated in almost every group examined. In table 7
are recorded the percentage frequency of the three species in various organiza-
tions. Where over 16 cultures were obtained from one company in a regiment,
these are listed separately. The difference in distribution of these species was
TABLE 6
Reported frequency of three species of dermatophytes in dermatophytosis of the feet
c,u°as T. GYPSEU T. PUlPUREULf £. PLOCCOSU}.f I
Weidman (2), 1928 235
%
72
%
8
%
2011
Muskatblit (9), 1933
New York
26 81 11 8
Schmidt (22), 1933[
Germany
401 77 2.4 20.6
Howles (23), 1936
New Orleans
56 63 7 30
Lewis & Hopper (19), 1938
New York
153 73 25 2
Neal & Emmons**
Wash., D. C.
94 76 19 5
Peck, et al. (15), 1945ff
Industrial workers
73 91.8 6.8 1.4
Shapiro & Rothman (24), 1945
Chicago
39 75 5 20
Ajello, et al. (10), 1943
Maryland 1943
1945
Total
21
30
50
101
66
40
34
43
33
53
56
50
0
7
10
7
Benham,if 1940
New York 1946
Total
54
57
111
74
54
64
24
37
31
2
9
5
Ft. Benning, Ga., 1942—43
1943—44
1944.—45
Total
503
573
624
1,700
52
43
47
47
34
39
35
36
14
18
18
17
* T. gypseum synonyms: T. asteroides, T. granulosum, T. interdigitale, T. lacticolor,
T. mentagrophytes, T. pedis, T. plicatile, Epidermophyton interdigitale.
t T. purpureum synonyms: T. amethysticum, T. rubrum, Epidermophyton purpureum.
E. floccosum synonyms: E. cruris, E. inguinale.
§ Reporting all cases prior to 1927 in United States and Canada.
II This 20% for E. fioccosum includes 38 out of 118 cases (32%) from northern cities;
4 out of 7 cases (57%) from San Francisco and only 5 out of 104 cases (5%) from southern
cities.
¶ Schmidt lists his species as E. interdigitale, E. inguinale, and Trichophyton. The
latter was not identified as to species.
** Personal communication to Dr. Keeney.
if Industrial workers in District of Columbia, New Jersey, Connecticut, Indiana, and
Louisiana.
1 Personal communication.
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Distribution of species by organizations
NO. OP CASES
PERCENTAGE OF SPECIES
T. gypseum T. purpureum E. floccosum
All patients 1,628 45 37 18
1. Infantry Regiment B
Companies at
b*
(Med. Det.) Ct
249
21
21
21
51
57
57
71
30
29
10
24
18
14
33
5
2. Infantry Regiment E 131 36 45 19
3. Training Regiment
Companies 1
2
3
4
5
182
42
31
36
50
23
38
38
35
42
34
48
40
38
26
39
52
39
21
24
39
19
14
13
4. Academic Regiment
Companies 1
2
3
4
5
194
28
29
47
73
17
48
46
38
51
53
41
41
50
45
38
36
41
11
4
17
11
11
18
5. Pontoon Engineers*
6. Ordnance Companiest
7. Refrigeration Eng.t
8. Military Police
9. Cooks & Bakers School
10. Supply Det. (White)
11. Supply Det. (Colored)*
12. R. R. Battalion
13. General Hospital
38
38
13
23
17
22
17
10
10
16
45
23
57
59
32
71
50
40
66
53
31
30
23
55
0
40
40
18
2
46
13
18
13
29
10
20
* p less than 1%. Significant.
t p between 1 and 5%. Borderline significance.
statistically significant3 in only three small groups (Nos.
four others, (la, ic, 6 and 7) the significance was borderline.
ib, 5 and 11). In
Group 5 was of special interest. This was composed of 38 men from four
The conventions used were that a difference which would occur by chance in less than
1% of the times was termed statistically significant; differences which would occur by
chance from 1% to 5% of the times are termed of borderline statistical significance; and a
difference which would occur more than 5% of the times by chance is termed not statistically
significant. The method for determining statistically significance was by various applica
tions of the Chi square technique.
We are indebted to Prof. John A. Fertig and Miss Eva Elvebach for advice on our statis..
tical problems.
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companies of light pontoon engineers who successively occupied the same bar-
racks and who worked with their feet constantly wet. They showed a high
incidence of T. purpureum, and clinically the infections in this group were ex-
ceptionally severe. One small group (No. 11) showed no instances of purpureum
infection, and one infantry company (ib) showed a high incidence of epider-
mophyton infection. None of these differences seemed as great as one would
expect if contagion were an important factor in these groups living in close
association.
Distribution by race. In one group of colored troops (table 7, Group 11) no
purpureum infections were demonstrated by culture. In the over-all figures
for colored troops frequency of T. gypseum was somewhat higher than among
whites (table 8). This difference was of only borderline significance.
TABLE 8
Distribution of species by race
NO. CULTURES 'C. GYPSIUM T. PURPUREUM E. PLOCCOSVM
% % %
Negro 129 57 30 13
White 926 45 38 17
TABLE 0
Correlation of species of fungus and previous occupation
PREVIOUS OCCUPATION 'C. GYPSEU).( 'C. PURPUREUM E. PLOCCOSUM
White collar
Skilled workers
Unskilled workers
Farmers
%
46
47
42
46
%
32 22
35 18
38 20
37 17
Distribution by occupation. The ratio in which these three species were re-
covered in groups with different pre-induction occupations was quite similar
to that for our entire group (table 9).
Distribution by time. The number of strains isolated in each month for three
years is shown in Chart I. It should be noted that this chart does not show the
incidence of the disease as the number of cultures taken in different months was
determined by our program of therapeutic tests. It does however show the
relative frequency of the three species. It will be seen that the order of fre-
quency was the same—i.e., gypseum was the highest and epidermophyton the
lowest—except in one or two winter months when the total number of cultures
was very small. The ratio for T. gypseum seems to increase each year during the
spring and summer. When the data for the three years are combined and ex-
pressed in percentages this difference is more evident (Chart III). The fre-
quency of this species from May through August is significantly higher than its
average for the year. This graph for epidermophyton also seems to show an
increase in the frequency during the fall (like that clearly shown in groin and
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body infections—Chart IV), but the variations in this graph are not statistically
significant.
It seems impossible to draw any definite conclusions from these data as to the
role of contagion. The variations in frequency of species in a few groups as
compared with the over-all ratio do suggest contagion. The increase in gypseum
during the summer is difficult to explain except on the hypothesis of contagion
though one might assume a special influence of hot weather in activating this
type of infection. The striking fact is however the remarkable similarity in
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Year 1942
CHART I.
T Purpureum
E.Floccosurn
CHART II. DERMATOPHYTOSIS OF AREAS OTHER THAN FEET.
NUMBER OF STRAINS ISOLATED BY MONTHS
distribution of these species in different groups, in different races and at different
times. This indicates that exogenous infection is not an important factor in the
incidence of this disease.
Species found in recarrent attacks. Further evidence was obtained from
cultures from men returning with a new attack. Had these resulted from re-
infections, one would expect the frequency of cultures obtained in the recurrence
to approximate the over-all percentages. This was not the case. Cases which
yielded T. gypseum during the first attack yielded T. gypseum in 82% instead
of 45% during the second attack (table 10).
tGypseum
T. Purpureum
E.Floccosum
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1943
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CHART IV. DEEMATOPHYTOSIS OF AREAS OTHER THAN FEET. PER CENT OF
STRAINS ISOLATED BY MONTHS. Two YEARS COMBINED
Cases yielding T. purpureum during the first attack yielded the same species
in 64% during the second attack, instead of the expected 37%. On the other
hand, of the few cases originally yielding E. floccosum from which second cultures
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CHART III. DEBMATOPHYTOSIS OF FEET. PER CENT OF STRAINS
ISOLATED BY MONTHS. THREE YEARS COMBINED
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were obtained none yielded again the same species. These figures indicate
that a considerable number of relapses were flare-ups of latent infection.
The importance of onychomycosis as a source of recurrent infection of the
toes was stressed by Williams and Barthel (3). Evidence of this is that of
1,213 cases from whom cultures were obtained only 29% showed involvement
of the nails, whereas of 165 of these cases who returned with a relapse 47%
showed nail involvement. This difference is statistically significant.
On the other hand, the recovery during a second attack of a species of fungus
different from that found in the first in 18% to 36% of cases would seem to
indicate that these recurrences resulted from new infection. Observations
on mixed infections make this questionable. It is not impossible that cases
yielding a new species in their second attack were originally mixed infections.
Mixed infections. On first culture, two species were recovered from the feet
in 30 (1.8%) of all cases. In 14 cases, two species appeared in one tube and in
16 in different tubes, presumably from different areas of the foot. If a second
TABLE 10
Frequency of recurrence and species isolated
CtYLTURE DOlING IIRST ATTACK TOTAL EEC0111MG CASES
CVLTUIE DVEING SECOND ATTACK
—
No. of T T Ef Same Different
caseS* g species species
% %
T. gypseum 550 85 (15.5%) 38 31 4 3 82 19
T. purpureum 463 61 (13.4%) 25 7 16 2 64 36
E. floccosum 200 20 (10.0%) 5 4 1 0 0 100
Total 1,213 166 (13.7%) 68 70 30
* Cases from which cultures were obtained during second attack.
culture was secured at a subsequent visit, more evidence of mixed infection
was encountered. In 19 additional cases a new species was recovered in cultures
later in the disease (table 11). This might be interpreted as showing that one
species had died out and a second species had been inoculated during the course
of the disease. It seemed more probable that it indicated mixed infection.
Of 532 cases from which T. gypseum was recovered a second species was isolated
in 32 (5.5%). Of 504 cases from which T. purpureum was recovered a second
species was isolated in 41 (8.1%). Of 226 cases from which E. floccosum
was recovered a second species was isolated in 26 cases (11.5%). Relative
to its general frequency the epidermophyton was most often found in mixed
infections. The frequency of mixed infection indicated by these figures is far
too low because second cultures were not taken routinely and those taken often
failed to reveal a parasite.
The cases in which a second culture was successful are recorded in table 12.
We have tabulated cases from whom cultures were obtained after a patient had
been recorded as "clinically clear" and "microscopically negative" as recur-
rences; and cases which were not known to have cleared as "continuous." In
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practically all the latter, frequent observation excluded the possibility of the
patient having cleared and developed a new attack. At different times during
their disease two species were obtained from 22% of the latter group. One
patient yielded three species (table 11). He was examined 17 times in 29 weeks,
had continuous dysidrotic lesions on the soles and fungi were demonstrated
microscopically on 15 occasions. At the first visit E. fioccosum was recovered.
A culture 7 weeks later yielded T. purpureum; another 18 weeks later, T. gyp-
seum.
TABLE 11
Numfer of cases from which tuo or more species were isolated
SAME DATE DIFRERENT DATRS COMBINED
T. gypseum—T. purpureum
T. gypseum—E. floccosurn
E. floccosum—T. purpureum
E. floccosum—T. purpureum—T. gyp-
seum
Total
15
3
12
0
30 (1.8%)
8
5
5
1
19
23
8
17
1
49 (3.0%)
* From continuous cases.
TABLE 12
Results of repeated cultures
INTERVAL BETWEEN CULTURES
TOTAL
90'
1—4 Wks.
72
5—8 Wks.
17
9—12 Wks. 12 Wks. +
10 4Continuous cases No. of cases
% Changed 20% 29% 30% 75% 22%
68
29%
INTERVAL BETWEEN ATTACES
Recurrent cases No. of cases
% Changed
12
33%
15
47%
9 32
11% 36%
* Cases from which three or more cultures were obtained are entered under more than
one time period.
This evidence of mixed infection affects the significance of cultures obtained
during recurrence. These differed from the original culture in only 29% of
the cases, a figure not significantly higher than that for the continuous cases.
They may well have been mixed infections from the outset.
LESIONS PRODUCED BY DIFFERENT SPECIES
The locations on the foot from which fungi were isolated are shown in table
13. The characteristics of the disease in 1,213 of these cases are shown in
table 14.
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In general, there was no great difference in the type or severity of the lesions
caused by these three species. One absolute difference was that the epider-
mophyton was not recovered from nails (table 13). This, of course, is not
evidence that such infection never occurs. Nail involvement was, however,
significantly less frequent in patients from whose cutaneous lesions epider-
mophyton was recovered (table 14).
There were other relative differences. "Moderate" cases were significantly
less frequent and "extreme" cases more frequent in T. gypseum than in the T.
purpureum group. Dysidrotic lesions were more frequent and intertrigo of the
toes less frequent in the gypseum group. Scaling lesions on the dorusm of the
foot were more common with the epidermophyton and purpureum, but this may
TABLE 13
Sources of cultures from feet
SPECISS TOTAL T. GYPSETJM T. purup.mu
600
37
EPIDERMOPHY-
228
18
Number of foot cases
Per cent
1628
100
740
45
Toe web
Vesicles or bullae
Eczematous areas
Plantar desquamation
Dorsal desquamation
Ankle
Nail
Location not recorded
722*
654
15
78
40
14
23
229
222
452
9
21
9
2
11
100
335
152
3
32
13
4
12
93
165
50
3
25
18
8
0
36
Number of cultures
Per cent
1775
100
826
47
644
36
305
17
* This and following figures are the numbers of cases in which fungus was isolated from
the area indicated in the left-hand column.
be due to inclusion of several cases in which tinea corporis caused by these species
extended onto the dorsum of the foot.
The response of these three types of infection to treatment were compared.
Although effective lesions disappeared and fungi could no longer be demonstrated
after treatment in all three types of the infection, indefinite desquamation and
erythema usually persisted between the toes and recurrence on cessation of
treatment was frequent. It appeared that treatment rarely eliminated the
fungus completely. This was in contrast with infections of other areas by
these same fungi in which decisive and apparently permanent cures were fre-
quently obtained. The evidence recently announced by Rothman and his
associates (27) that sebaceous glands secrete fungicidal fatty acids may explain
the ability of fungi to survive for long periods on the soles and the sides of the
toes where sebaceous glands are absent.
Chart V records the percentage of cases which were clinically clear and the
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TABLE 14
Dermatophytosis of feet. Severity and other characteristics of infection by three species
(Amycotic cases added for comparison)'
NUMBER OF CASES
T. GYPSEUM T. PURPUREtTIF E. FLOCCOSUM AMYCOTIC
550 403 200 387
Percentage of cases
Severity
0. Nolesions
1. Trace
2. Moderate
3. Severe
4. Extreme
0.2
0.9
17t
06
16*
0
0.7
30.3*
60
9t
0
0
28.5*
56
]55*
0
10
58
29
3
Lesions
Dysidrosis'
Intertrigo
Itching
Fissures
Plantar desquamation
Dorsal desquamation (plus ankle)
Eczema (dorsal vesiculation)
Denudation
Maceration
Onychomycosis
Nail slide positive
Hyperidrosis—general
Hyperidrosis—local
Dermatophytid—hands
Secondary infection
76t
84t
77
24
41
lOt
16
17
32
29*
8
37*
9
12t
7
55*
91*
83
29
41
19*
15
17
34
34*
11
41
7
5*
6.5
51*
90*
75
30
42
24*
15
20
38
16t
5
45*
6
3*
6.5
21
80
57
26
16
8
11
13
27
18
4
34
11
3
2
Body involvement
Number cultures obtained
T. purpureum %
E. floccosum %
T. gypseum %
M. albicans %
8t
22
41
45.5
9
4.5
20*
46
79
21
0
C)
26*
33
15
85
0
0
2
0
Slide examination negative and
culture positive %
(Total 54 cases, 4.5%)
5 4 4
Recurrences % 15.5 13.4 10.0
1 Mixed infections from continuous cases are not included in this table.
2 Dysidrosis. Includes chiefly bullous lesions on the soles but also includes some
vesicular lesions on the toes.
* Difference between this and one other species is statistically significant.
t Difference between this and two other species is statistically significant.
percentage fungus negative on slide examination4 after different periods of treat-
ment. The groups include cases treated with different fungicides, but these
We have described the methods of treatment evaluation in another paper (26).
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are unselected and distribution of the therapeutic agents is probably similar
in the three etiological groups. Curves for smaller groups receiving identical
treatment were similar.
Again there were no great differences between the three species. In the first
four weeks almost identical percentages recovered. In the 5—8 weeks period
purpureum cases showed a percentage fungus negative that was statistically
significantly lower than that for the other two species. The differences between
the percentages clinically clear at this period are of borderline significance.
The apparent low percentage of epidermophyton cases clinically clear after 8
Amycotic 196 180
T.Gypseum
T.Purpureum
550
463
426
371
E.Floccosum 200 175
No.of Cases
69
300
264
121
3-4
PER CENT
FUNGUS
NEGATIVE
7
6
5'
4'
weeks of treatment is also of borderline significance. In summary one may say
that a slightly greater percentage of purpureum cases were resistant to prolonged
treatment.
The most important difference is in regard to chronicity and relapse, although
there was no significant difference between T. gypseum and T. purpureum cases
in these respects. In our records of repeated cultures there were only two cases
from which the epidermophyton was recovered more than four weeks after its
first isolation. In one the interval between cultures was 9, in the other 101
weeks. Both cases were seen infrequently and we could not tell whether they
were continuous cases or recurrences. In table 11 the percentage of recurrence
for the epidermophyton cases is significantly lower than that for the T. gypseum
group and in none of the former was epidermophyton recovered from the re-
46
228
197
83
5-8
107
111
51
over 8
PERCENT
CLINICALLY
CLEAR
8
6'
0 1-2 3-4
Weeks
5-8 over8 0 1-
Weeks
CHART V. RESPONSE TO TREATMENT IN DERMATOPHYTOSIS OF FEET. INFECTION
WITH THREE SPEcIEs. (AMYc0TIc CASES INCLUDED FOR COMPARISON)
over8
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current lesions. This indicates that the epidermophyton causes a somewhat
less persistent type of infection than do the other two species.
In this connection it is of interest that few epidermophyton cultures survived
storage in the icebox for more than six months. Most purpureum strains sur-
vived for six months to one year and many gypseum strains for two years.
Howles also reported that when he stored infected squames of skin the
epidermophyton could not be recovered after one month but that T. gypseum
survived up to eight months.
We are indebted to Lewis, Montgomery and Hopper (28) for the observation
that T. purpureum produces widespread and frequently diffuse scaling lesions
on the trunk bearing little resemblance to classical tinea circinata. They are
rarely vesicular, only slightly inflammatory, resistant to treatment and chronic.
The authors also considered the lesions on the sole caused by T. purpureum
to be characteristic in that they were scaling, practically never vesicular, chronic
and resistant to treatment. In contrast they describe gypseum infections as
acute, usually vesicular and frequently highly inflammatory.
Such differences as were observed between the diseases caused by gypseum
and purpureum agree to some extent with the differential points outlined by
Lewis and his co-workers. T. gypseum cases were more frequently severe
and more frequently vesicular. A slightly larger percentage of purpureum cases
were resistant to treatment. It may be that in the cases here tabulated the
picture was obscured by the frequency of mixed infection or by hygienic condi-
tions that favored acute development of any type of infection. It should,
however, be emphasized that in our experience differences in the infections
caused by these two species were inconstant. Many purpureum cases were
acute, severe and extensively vesicular. T. purpureum—was the only fungus
isolated from bullous lesions in many cases and T. gypseum has frequently
recovered dry scaling lesions.
Vesicular eruptions of the fingers characteristic of dermatophytids were ob-
served with equal frequency in infections by these two species. Many pur-
pureum cases responded promptly to treatment and many gypseum cases proved
obstinately resistant. No significant difference could be seen in the tendency
of these two types of infection to relapse.
DERMATOPHYTOSIS OF OTHER AREAS
In summer at Fort Benning, where daily maximum temperatures of 90° to
100°F. and relative humidities of 80 to 90% were the rule, tinea cruris was ex-
tremely common; and numerous severe and extensive cases of tinea corporis
were observed. At this season they were probably as numerous and severe
as in the tropics.
There was more in these cases to suggest causation by contagion. Numerous
cases were reported to appear in quick succession in the same barrack, but we
have no accurate data on their epidemiology.
The areas from which different species of hyphomycetes were isolated are shown
in table 15. The areas of involvement in patients from whom they were isolated
is shown in table 16.
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TABLE 15
Sources of cultures from areas other than feet
SPECIES TOTAL
381
100
T. GYPSEUM
6
1.6
T. PUkPUREUM
184
48.3
EPIDERMOPHY-
TON
191
50.1
Number of cases
Per cent
Groin
Scrotum
Penis
Buttocks
Abdomen
Chest
Axillae
Neck
Face
Arms
Legs
Hands
288*
71
27
52
35
5
8
5
2
5
2
24
4
2
1
118
16
10
46
13
2
0
4
2
2
2
23
166
53
17
6
22
3
8
1
0
3
0
0
Number of cultures
Per cent
524
100
7
1.3
238
45.4
279
53.3
* This and following figures are the number of cases from which fungus was isolated
from the area indicated in the left-hand column.
TABLE 16
Dermatophytosis of areas other than the feet. Distribution of lesions*
REGION INVOLVED
T. GYPSUM
No. of
cases
T. PURPUREUM
No. of
cases
162
E. FLOCCOSUM
No, of
cases
169Total cases 6
Groin 5
Scrotum 2
Penis
Buttocks
Abdomen
Axillae
Chest
Leg
Hand 1
Wrist
Neck
Face
Relapses
143
46
19
65
32
8
8
20
24
4
7
6
11
88
28
12
40
20
5
5
12
15
2
4
4
6.8
164 97
94 56
43 25
42 25
51 30
33 15
18 11
16 9
7 4
4 2
2 1
0 0
3 1.8
* Areas involved in cases in which stated species was isolated from one or several areas.
t Three cases were tabulated twice. One ease of T. gypseum cultured from the groin
also gave T. purpureum in a culture taken from t.he chest. In two other cases T. purpureum
and E. fioccosum were isolated from the groin. In both of these cases the two species
were found in the same tube.
¼
: 
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T. gypseum was rarely found in these eases. This may apply oniy to tins
locality. We have no comparable data from elsewhere, but of 8 cultures ob-
tained from tinea corporis in New Guinea, 5 were T. gypseum. In table 16
it will be seen that E. floccosum was the most frequent species in lesions of the
groin, axillae and genitalia; but was not found in lesions of the hands or face;
and only half as frequently as T. purpureum in lesions on the trunk.
Fm. 1. DERMATOPTIYTOSIS OF THE BODY CAUSED BY TEICHOFHYTON PURFIJIIEUM
The trunk lesions were most profuse on the buttocks, lower abdomen and in
a band about the waist. They were rarely seen, except in association with tinea
eraris. In lesions on the trunk, the characteristics described by Lewis and
Hopper usually distinguished those causel by ru purpureum from those due to
K floecosum (figs. 1 and 2). The latter presented disseminated sharply cir-
cinate lesions usually inflammatory, frequently vesicular at the border, but with
definite involution in the center. Lesions caused by T. purpureum spread
over large areas with little evidence of central involution and presented fewer
independent satellite lesions. T hey were less inflamed, less conspicuous and
rarely vesicular. A few purpureum infections localized on the hands or face
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or disseminated on the body were obstinately refractory to treatment. Many
others on the groin or body responded as well as did the epidermophyton infec-
tions. In the groin lesions produced by these two species presented the same
general characteristics, but were more difficult to distinguish.
Fm. 2. DEBMATOPHYTOSIS OF THE BoDY CAUSED BY EPIDEEMOPHYTON FLOccoSUM
Purpureum and epidermophyton infections of the groin showed pronounced
difference in response to treatment (Chart VI). At all periods of observation
the epidermophyton cases showed a higher percentage clinically clear and fungus
negative. This contrasts with similar graphs for foot cases which showed only
slight or indefinite differences betweeb species. There was also a significant
difference in the frequency of recurrences (table 16).
An interesting feature of these cases reported by Lewis and Oilman, but
rarely mentioned in textbook descriptions of this disease was noted by one of us
(F. C.). This was the frequent involvement of the genitalia. Cultures were
obtained from the scrotum in nearly one third of the cases of epidermophton
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infection of the groin and about one eighth of the T. purpureum cases. The
epidermophyton was isolated in 94 cases from the scrotum and in 43 cases from
the penis. Trichopyton purpureum was isolated in 46 cases from the scrotum
and in 19 cases from the penis. Fungi were demonstrated microscopically
with still greater frequency. Occasionally, faint circinate lesions were visible
near the base of the scrotum, but usually it showed only faint redness and diffuse
scaling. A few patients who complained of severe pruritus of the scrotum
showed only indefinite lesions in that area and no involvement of the thigh or
No.of Cases
105
89
3-4
PER CENT
FUNGUS
NEGATIVE
100
90
80
70
60
50
40
30
20
inguinal fold. Scrapings from the scrotum, however, showed profuse mycelium
and all symptoms subsided on application of a mild fungicide.
On the penis, circinate desquamating lesions were observed with considerable
frequency. These also showed mycelium on direct examination of the scales
and E. floccosum or T. purpureum on culture.
In tinea corporis, the involved area frequently extended up from the groin
on to the buttocks and abdomen, or down on to the thighs in a manner which
indicated that the groin was the point of inoculation. On the other hand, a
number of purpureum and a few epidermophyton cases were seen with lesions
on the buttocks, face or hands and no involvement of the groin.
There was little to indicate that the patients' feet were the source of infection.
1 Purpureum
E Floccosum
Weeks
162 130
169 137
0 1-2
PER CENT
CLINICALLY
CLEAR
55 31
50 16
5-8 over8
0 1-2 3-4 5-8 over8 0 1-2 3-4 5-8 over8
Weeks Weeks
CHART VI. RESPONSE TO TREAThIENT IN DERMATOPHYTOSIS OF AREAS OTHER
TITAN FEET. CoMPARISoN o INFECTION WITH Two SPECIES
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Severe tinea cruris or corporis were frequently seen in the patients with no definite
lesions on the toes. In 115 cases in which feet, and also the groin and/or trunk
were involved, 34% yielded different spe.cies showing that the infection on the
feet and that in the groin were often independent (table 17).
On the other hand in 66% of these cases, the same species was isolated from
both areas. If the foot and groin- infections were always independent, one
would expect the species on the feet of the same patients to occur about in the
usual ratio of 47%, 36%, 17%. Instead of this, the ratio was gypseum 20%,
purpureum 46%, epidermophyton 34%. In other words, groin and/or trunk
involvement was relatively less' frequent in men with gypseum infection of the
foot than in those with purpureum or epidermophyton. This indicates that at
least in some of the cases in which the same organism was present in the two
area, the groin was inoculated from the feet.
TABLE 17
Species isotated from the feet in dermatopitytosis of other areas
CULTURES FROM OThER AREAS
CULTURES FROM FOOT
T. gypseum T. purpureuni E. Iloccoswn Total
T. gypseum
T. purpureum
E. floccosum
1
11
11
43
10
7
32
1
61
53
Total 23 53 39 115
Different species foot and body 34%
Same species foot and body 66%
The seasonal variation of the two species concerned in tinea cruris or corporis
indicated that exogenous infection was important in these dermatoses (Chart
II). Few cases were observed in winter or spring, but in three successive years,
T. purpureum cases appeared in early summer reaching a peak in July or August.
In two years epidermophyton cases appeared later and reached a peak in Sep-
tember or October. By combining the figures for these three years, sufficient
numbers were obtained to express the ratio between these two species in per-
centages (Chart IV). Flere the seasonal variations which were small or indefinite
in the foot infections (Charts I and III) are very marked. T. purpureum pre-
dominated in the early summer and E. floccosum in the fall. These figures for
groin and body cases suggest an infection spreading through the sampled pop-
ulation while those for the foot case do not.
DISCIJ55ION
In regard to dermatophytosis of the feet different interpretations of the above
data are possible. The histories of our patients seemed to indicate that most
of their infections were acquired in the Army. The predominance or absence
of one of the three species of fungi concerned in a few of the organizations sampled
314 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
suggested that contagion was a factor in their distribution. The recovery of
different species at short intervals in the same individual suggested rapid transfer
of infection. The recovery from recurrences in some individuals of species
different from those found in their first attacks might seem proof that in these
instances the second attack resulted from exogenous infections. None of the
data obtained seemed to exclude the hypothesis that each attack was caused by
infection from sources in which three species of fungi were present in remarkably
uniform ratio.
On the other hand, all the data which point toward the importance of contagion
seem capable of other interpretations which have already been mentioned,
and most of the evidence weighs against this idea. The frequency of borderline
and asymptomatic lesions, the rarity of soldiers who were free of any signs of
dermatophytosis and the recovery of pathogenic fungi from some of the few
who were free, indicate that most cases of clinical significance resulted from
activation of latent or relatively latent infections. The frequency with which
the species recovered from first and second attacks were identical and the relative
frequency of recurrences in patients with onychomycosis indicated that second
attacks were frequently reactivations of the original infection. Most of all,
the remarkably uniform ratio with which these three species of fungi occurred
in various groups and at different periods of time made it improbable that transfer
of infection within these goups or at different times was the factor determining
their incidence. At least the findings contrasted with those in obviously con-
tagious processes such as streptococcus infections of the throat which show
marked predominance of different types in different localities and at different
times.
In dermatophytosis of the groin and body the marked predominance of T.
purpureum in the summer and of E. floccosum in the fall conformed more to the
picture in a contagious disease. In these cases exogenous infection probably
was the important factor. In dermatophytosis of the feet it is difficult to escape
the conclusion that transfer of infection played some role in the distribution
of these species especially in their seasonal variations. However, the hypothesis
which seems best supported by our findings is that most of these soldiers had
long had subclinical infections which became activated by the stresses of army
life, such as the continuous wearing of impermeable shoes when violent exercise
in hot weather insured profuse sweating.
SUMMARY
1. Inspections of infantry at Fort Benning showed typical dermatophytosis
of the feet in 24% and suspected dermatophytosis in an additional 57%. Fungi
were demonstrated microscopically in 53%of scrapings examined microscopically.
Sixty-seven per cent of patients with dermatophytosis believed their infection
had been acquired in the Army.
2. Cultures from lesions yielded T. gypseum in 47%, T. purpureum in 36%
and E. fioccosum in 17%. Approximately the same ratio of frequency was
found in different organizations and in different months although infections
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with T gypseum were relatively more numerous in summer. Mixed infections
were frequent.
3. Seventy per cent of cases returning with recurrence yielded the same species
during both attacks. There was evidence of nail involvement in 47% of these
recurrent cases.
4. Dermatophytosis of the feet caused by T. gypseum and by T. purpureum
showed no constant difference in severity, in type of lesions or in response to
treatment and no difference in frequency of relapse. There was evidence that
E. floccosuin caused a less persistent infection.
5. In dermatophytosis of the groin and trunk, the over-all frequency of T.
purpureum and of E. floccosum were about equal. The former was more fre-
quent in summer, the latter in the fall.
6. In these locations, lesions caused by T. purpureum were more diffuse, more
scaling, less inflammatory and more resistant to treatment and showed a higher
percentage of relapse than those caused by E. floccosum.
7. In dermatophytosis of the feet most evidence seemed to support the hy-
pothesis that clinical attacks are caused by activation of a latent infection and
not by exogenous inoculation.
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